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BO~AJtE FOR DEVICE-INDEPENDENT GRAPHICAL INPUT

by

Griffith Msmlin
LOS AlaDo$ Nstion@l Laboratory

ABSTRACT

This paper ditcussec ● three-level ●odel ●nd s grsphlcs
●oftware structure based on tbe ●odel thatwere developed
with the goal of ●kiog grsph;cal sppllcatlons independent
of the input devices. The software structure ●akes
graphical ●pplications independent of tlw input devices in ●

● anner cimllar to tbr way tbe SIGGRAPH CORE proposal mskes

tLem independent of the output devices. A second goal wts
to provide ● convenient ● eans for application programmers to
specify the user-input Isngusge for itrelr ●pplications.

The aoftwsre consists of ●n input handler ●trd ● table-driven
parser. The input handler martagcs ● CORE-like ●vent rpue,
changing input ●vents into terminal symbols ●ad mxking tbe~r
tetmoal symbols ●vailable to the pa ter in ● timifom
manner. It also removes most d~vice depeadencics. The
parser is table driven from a Backus-Natsr fom (BNF) Sra-er
that specifies the user-input langtssge. The iouer level
Crmrsnar rules remove the remsining device dependencies from
tbe input, ●nd the hi8her level ~rmmoar rules specify legal .
sentences in tbe user-input languace.

Our implementation cf this software is on ● treble-top
minicomputer. Our ●xperience with retrofltt~ng ●xistlrsg
●pplications i~dicates that we can find a tra~sr that
removes essentially ●ll the device dependencies from the
●pplication proper.

key words: device-independence; Craphictl input; user
interfacu.

x! INTRODUCTION unit) fit into the ]oR]ca]-devlc? classlf)cation
schem?, Van den Bos has d~scl]b~d an

The proposed SIGGRAPH CO,REst~rsdard provi,en 8 ●ltern~tive to the log]c~l dcvlce mod?l [2].
lar~e ● easure of device-irsdenendent ~rasrhical TtrIs uaper Dresents s ●odel thal can jncorporatr
Out;ut [Il. It represents a“rnynthes;s ;f ●any the fi~afih~c. Stand#rds Planning Consn)ttt
yesrs experience in producing graphics output on lo~ical-device b,odcl, but sdds anothet
var~ous devices, The same ●casute o: devicr- between tbc lo~ical devices ●nd th? ~pp
iridependcnt [raphical input, howwer, does not
●xist. The CORE proposal does eliminste
application pro~rtm depcssdencr upon sp~cific 110 ?fODELOF USER INPUT

r iGSIC)
byet
Irat)on,

physical input devices-, provided the phytictl
devices can be cast into one of several Tbe ljtcrstur~ identifi~t thrp? different typ?R

lo~ical-device cla~ses (pick, button, valuator, of processing of tbc user’s input: lealcdl,
keyboard, locator), Jow?ver, lvgical-device cyntactic, and semsntic (see F~g. 1). In
dependence of the sppllcstiott pragram ~C dot lookin~ at several ●xiotina programs at thp Los
●ddrrtsed, Also, it is bard to tee where tome A]mmos National Laboratory, W? obsrrv?d that

input devices (for example, a vo]ce recogni:~on device dependence is UDU~l]y introdur~d into thr
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supplication ●t tbe ●iddle level. At the first
fl~c~t! level of thewdel in Fig. 1, ucers
telect ●nd use physical-input drvices. Software
provides them with low-level (lexical) feedbtck.
Examples of this ● re trackin~ ● table or li@t
pen ●nd ●choing of text. This procetmint im
d~vice dependent but sppljcslim independent,
slLhou8b thr device mJy be ●ble, throusb
subroutine csllc, to spec~fy on? of ●everal
●lternative types of lexical-level feedbsch.
This level of software also chaqes pbysictl-
de-’icr input into logical-device input, and
corresponds fairly well to n COU-like input
subsystem.
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te sec if the series of user input fores s Ie&al
pbrsse in the uner-input Iaosuage nf the
●pplication. SynLactic, level ieedback ir ~]ven
●t tbit level. This feea~~rk ●sy ~nwolve
reasonable ●mounLs of ●pplication-depenrient
processing, but this proce~sinu is nOL th~
primtry processing of thr ●ppllcaL]on. II the
input npeclflcatinn corresponds to ● lFgJl
phras? in thr u~er’s inpuL languagr, tbls
processing oflen chtnges thr Input phrsse (often
● single psrsmeler of s c~aod) znto ● ~tandard
form for uoe by tbe rest of tbe ●pplIcatIoII.

At the third (b]~best) lrvel of our Input model,
the processing IS ●ppllcaLlon dependcnL and IS
usually loglcal-devlcr lnd~pendent. Chang]llg
user input phrases into corer staodard form ]n
Lbe middle level typically rtmovrs Lbr dcvlcr
dependencies 10 LbF tppllcatlons we ~tudled.
This third-level proCesslnQ ●Jy BaLher up
several cuch phrases (parameters) unlil t
completr menteocr (cnmrmnd) is available, ●nd
then perform thr processlnt requecLed by Lhr
c~aod Cnmond processing IS the primary
processin~ of the application,

111. SOFTWAREsTRucnmE

Accordin: to our model, software for tr~phical
input should be nblr Lo imolate tht dev]ce
dependenc~es in ●n appl)rotlon Lo, at most, Lhe
●iddle level, and perhtpr el~mlnaLe most dr~,lce
dependrnclep ●ven from that level. FIp 2 showt
thr bssic toftware sLructure we use to try LO
●ccompl~sh chIs. At tbe bottom of FJg. 2, wr
have ~nd~cated a standtrd CORE-lIkr inp~t
subsvstem lhat ●ccepLs physl[.ll-dev]cr Input and
convertt lt into lotjcal-d?v]c- inpu~. Thl~
suhsysttm corresponds tn the lo~>er IPVPI of thr
●odel ●od is ●pplication lnd~pclld~rrt but device
depcnd~nt. In the CORE proposal, thr m~~n
●ppl ication pro~ram would ●ccess th]~ lcBlcal-
dev]ce Input d]recl)y through thr ●vent qu?ur.
However, wr have ●ddrd two modulr~ at th]s
point; the Input hondler ●nd s parsrr. Thr
inpul handle] is par! of the lowrr lPvel
(appl~cotion irrdcprndrnl) proc?rs]n~ nnri thr
parser is at the ~iddle levrl of the modrl. Lr
ftel that w]Lh proper grmmnar desjRll th! lnpul
handler ●nd thr lower l~vel sran,tr rulrr 111 thr
pars~r cnn bc used 10 r~movr ihr Iog]cal-dr\]cr
dependencies from thr Lnput

Thr fumrtion of our input handlrl modulr lb 10
conL\nIlally -Can thr Lnpul-d~vlce ●vrnl qurur,
chsn[~nt inpu~t ●ventk inlo t~rm]nsl B}mht,lt 101
thr pmrser tnd ●akin~ lh@m svailahlr tv Ihr
parser iB s unlfurm ●anner. Our input h~ndlrr
modulr rccoRnlze~ n- special usrr-]lil~ui
●ctiol,s that allow uIrrs to ●usblr/dJhal,lr thr
various input drvic~s, thus g)vln~ them sorer



“Sf*”rdlmd”
t*Jst II Applltollon

Sent Oncos
Dop*nd.n t

w=--
“Stondordizod’”

Input
Pt; asos I

clInput
Mmndlor

LogIeol
Dotlco
DopanQen t

Applieotlon
Irvdopondon t

Loglcol
Dovico -... -1 .... . .. . . . .. .....
Inputs 1aCoro-llko
Input

Subsystem

?hyslcol ho?
Inpul foodbrck

Dovt 80s

Physlcol
Dovic@
D@pondont

Appllcotion
Indcpondont

Sosvctlmec, however, the hppllcation progranmwr
mmy w]sh to Cenerate djfferetrt syntactic-level
feedback for ioput fr- different devices. Our
software discourages tblc, but ●llows for it In
order to handle special circumstances. For tkls
reasoo ●n ●ppllcatioo can, by s request to the
ioput barrdlrr, flrcd out the ]ogIc#l drvlcr that
produced ●ach itiput term]oal symbol. Usr of
this ~nfofBat~oo, Jf course, Introduces dcvlcc
depeodencl~s ●t ths’ oext hlghcr level. To
isolate these dependcocles ●s much as possJblF,
our next level software is ● table-dr)vrn parser
vbose lower level grsmnar rules ●r? drsl~nrd
speclf]cally for eccb sppllcatlon to remove the
remalnlnu loglcal-dev~cr dependencies. These
lower leve! rules bavr the ●ffect o!
traosformlng t!Je input phrase into a standard
fem. Tbe parser’s semant]c Interfarr ●t this
level provlctcs the syntsrt]c user feedback by
ca]llcrg spp)~catloo-dependent routines. Thesr
grammar rules can, with some effort, tilstlngulsh
between different input devices. However, ]t 1s
just ●S ●acy not to do so, Kc hopr this will
•ncourt~r devjce lrcd ,,endeoce. Wltb experience
it might be poss~blr to d~scover ● set of
often-used, lower level input grarsmr rules and
build them into the input handler.

The higher level grmsar rules used by thr
parser determlnc if user input forms legal
statements in the user input langus8e, ●nd
provide s semarttlc level interface to the
#pplliaLiOn plo~ram, pssslrig lt user ~nput
coomands :I,st hsvc bern transformed into a
st{ndard form. ‘fb~s corr+sponts to the third
(hlthest) level of our model.

IV. ltlPLEMhTATION

measure of dyoamlc control over thr cbricc of
input device. It SISO removerc most dev~cr
dependencies by passing to v.hc psrter the typr
of input rather tbacr Lb? deVJCt from wbtch the
4nput csmel For ●xample, it ●skes selertiog s
●ru item with s locator device
itrdistio8uisbabl~ from typing the name of the
●enu item on ● keyboard or pushitrg a button
●~sociated with the ●I?CJUitem, It also aaken ●

pos}tion indicated 00 0 locator device
indlstictguishahle from thot pocitlorr ●ntered by
typinR Lb? coordinates OJI s keyboard, Foley and
Wallace breve discuss~d sinulat~n~ on? class of
input dr~lce by aootber CISSS [3]. @lJerSlly,
our input btndlcr ●akes sutb simulation
inv~slblt to hlth?r leveis of software, Only
tbt type of input it returned, not tbe device
from wblch it cas?, Tbe iaput barrdler ●ay, by
dcftult, ●stable md ●m ● dwict thst is
trormally used for tbe cxpteted typr of input,
but tbts is not required,

Tb~s seftvare structure has been implemented ~n
Fottran on s DEC L51-11 rn]crocomputrr. TbJs
plsces thr fi-st two lrvFls of iuput pr,~crss~c~
on thr m)croromputrr, isolatin~ *JI dev]cr
deperrdencles to the rolcrocomputer ao that thr
●a~n appljcstion protram running on ● host
computer IS ~~put- and output-dev~ct
independent, The physical iuput devlcrt lnrludr
● keyhotrd, 6 data ta~l]rt, a )oystlck, a VOJIC
recotnjtlon unit, severol knobs snd sbllchr~,
●nd a tbumbwh?cl cu”aor, which lS pert of thr
Tektronln LO14 storage tub? output drvJcc
Output devl?es inc!udr thr storage tubr snd e
blgh-retolut~un (768 x 1024) blctk-and-hhl[r
video dlsplavt

An implmentatlon of tbc propos~d COR3. input
subsystem wss not svailsble, so our Ir,:!ut
handler sccns tb~ pbysictl d~v$cec dl.-tctly,
furtrreling all ioput ioto 4 stream 0! t?rmlndl
oymbols to tbe parner, AC-I●ppliratjon pro~ram
carr pass to tbe input barrdier th~ phylltal
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layout ●nd ●ntries 5ss ● menu on ●ither oi the
two 10CStOr devicet~. Tke input handler will
then ~ke irtdististguishablc to the pcrser
keyboard ●ntries of the menu items●nd locstor
hits on tbe menu items. Specisl keyboard keys
:re recognized by the input handler ●nd *11ow
the user to enable/disable tbe tbubvheel cursor
●nd displsy of the menu on tbe storage tube
ocreen. Although the ●pplication program can
specify that it wsrrts one device or the other
●nabled for tbv next input, the user is not
required to use it. The only uay the
application pro~ramrer can ●bsolutely require
use of A certoin device is to reql!ect the input
handler to provid? tk~vice information in tbe
form of spe’lfac device-depeodent term~nal
symbols ●nd to specify these device-dependent
symbols in ‘the grsmar used by tbc parser.
Then, if tbe user uses ●crytblrtg but the required
device, it will not parse ●nd the ●ppl~catlon
procram’s ●rror rout’nes will be invoked.
Altbougb this type of use of tbe system is
possible, tbe system discourages this US* by
●aking it herder tr require ● specific devzce
than it is t? •llo~ use of ●ny device. This
bebsvior it opposite to the tray many ●xisting
systems work.

The parser used in tbic implementation is lANG-
PAK [4], ● table-driven parser In fairly w~de
use. It ailows the cpp)~catlon programer to
enter a grsrmntr, ●long with semantic operations
to be invoked upon matching the various grammr
rules. Sample input s~quence~ cscr then t.
interactively ●ntered tcrd checked by the p~rser,
so that the ●pplication progrsmmcrc c~n check
their grarmar. ‘be Uemaat:c imterftcc betvren
LANG-PAX●nd tbe sppllcst~nn program uss chan~ed
in this imp]ementatlcrn so thtt ●ay Fortran
statement or stotementrr can be placed ●s
semantic specif~cationl ●caywbere in the gramar.
These statement viii he ●xecutrd vhen thr
●ssorisLed tramar rule, or psrtlal rule, lS
m~tcbed in tbe user input strlttR, Tbsse
statements are typ~cally CALL statement to tbe
various application progrtm subroutines th~t
perfotm tbe ●ctions ●ssociated w~th various user
iPput S

v. USES

For interfacing to ex~sting Laborator/
●pplications, we have bu~lt on top of thr
graphical input software ● small LSI-11 resident
procram that co-ucicates vitb tbe malcr ticw-
sbsring netvork ●t the Lsborttory. This tystemr
provides ● user-tsilorable front-end to other
●xittint ●pplications thst rur on tbe tim*-
shsrinS system. Umer input from tbe vsrious
8rsphic#l ●nd text input devices is ●appeal by
tbe partcr and aasocisted semantic routin~s onto

tbe input format required by ●xlstlng Laboratory
●pplications. Different grarmor ●nd semantic
routxnes ●re used for d~fferent ●xisting
●pplic~tions. Tine first nppiicatlon, ~PPER, IS
zfi●xiztlrrg Laboratory ●ppllchtlocr for producing
presentation slides 15]. ~PPER reads a itlt of
c~actds that specafy the sllde, ~~clud>rrg x,y
coordinates of grtpbics entities s.tcb ●s boxes,
circles, snd lines. The comon mode of us~rrg
HAPPER IS to use ● text ●dttor to construct ●

co=arsd file ●nd then ●xecute tIAPP&h vlth tbls
file as input. tie observed that the most tlme-

consumlnk ●spect of thii use of tb4PPER is
cnrrect!y ●ntering the x,y Coordinates of the
various graph~ctl en.ltles. lteratlon IS
necessary because We ●re forced to use s
nontraphical keyboard to specify graph~carl
obJects. A granamr W*S vrltteo for tbe LSI-11
re~,~dent front-end program that ●ccepttd ~npu-
from !11 devices and converted It to th~ MPPER
forma” . A menu wos laid out prov~d;crg an item
for ●scb HAPPER conmratn+ b’lth this menu, users
can trace ●xi$ting sketches of slides or create
new sketches on * dtta tablet, No modlf~cat~on
to ●ny program runrrlng on the time-sbarlng
system was required. Using tbls frnt-cnd on
several test slides, uc found that tbe :lmc
required to 8ener#te ● slide was reduced
considerably because of the reduced nurnt,rr c!
tries needed to poslt~on the g~spblcs oh]rcts
correct)y.

On. problem with this usage IS provldtng
convenient syntsct:c-input lsngua~r phrases aarf
feedback on ●ll rle~iies wltbout modifyin~ tht

●pplication On the host computer. lie prtfcr to
br ●ble to iipeclfy grapblcal obJ?cts dlffrrrntly
on different devices, For ●xam},lr, ttAilFEh
requirrs ● center snd a rad)us to spcc~fy a
circle. ]f we use the tablet for thr center
point, we must chan~r to ● valuator devlrr or
slm’llate a valuator w~th thr tsb)?t t{, ~isr the
radius , ]t would have been StrJlghLfOrbard to

use the tablet to entpr a center point an,; a
po~nt on the clrclt, but tbe •x]st~n~
●pplication was not written that ~ay Cmr

solutlon vas tc perform syntactic processlrl~ 1:)
our microro9puter on tvu ta~)et ~oints, ● crntrr
●nd a point on the c)rclc, to calrulatr ● tadius
that was then pa~srd to W’PF.K Th]s
modlf~cat~on of tbr’ usrr-~nput larl~utgr horkrrf
successfully, but it Introduced sorer drv]lr
dependencies Into thr lowel ]evrl~ of thr
it,put-]anguaae graomr and ~ntrodu{rd sorer
devlcr-depcndrnt processing of th~ tahlrt lnpu!

The rrecond ●ppllcat~on to usP this systfm uaR a
mall two-dimenclona] ~nteract]vz drawln~
program called DRAWIT DRAWIT allowt th~
def*.nit~on of SIJh-@bJect6 snd instsrl(r O! thrse ‘
rnub-objccta to br placed at v~rlolls pr,kjtlofl$ 011
tbe picture, it ●llows ●orliflcat,orr 01 drletlotl
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of thcae sub-objects ●n ●ntities ●od SIDO S11OWS
drawing ●nd deletion of individual lines ●nd
text in the picture. The user-input lsngrssge
wax purposely kept quite s~le to facilitate
use on different logical-ioput devices. Each
c-and consists of ● locIcal button (to specify
the c-rrd), optionally folloved by ● location.
For ●xsmple, the location follow~mg move or drav
co_aods specifies where to ●ove or drav to.
The only exception IS the c-and to place text
in the picture, which is followed by ● Lext
string. This syntsx W*S well suited to our
Tetrtronix tbumbwheel cursor , which ●llovs us to
couple ● single keybosrd character vith the
cursor location. Also, we could ●#sily a;mulate
tbi~ syntm usi s only the keyboard, using only
the cursor, or ~cing rrnly the tablet by
des~gnating part of tbe tmblet s% ● ●enu of
co~ands. Our input handler ●lone was ●ble to
remove all device dependeiicies from higher
levels of software in this case, vhicb shoved
the user to choose ●mong all poxsible ways of
using our three physical devices to specify two
input items. Our parser in this case
essentially perfomed the identity function.

Witlr use of DRAWIT, ve obnerved ● usur
preference for the tablet device, We ●lso
observed thst it was ●nnoying to be forced to
●lternately ●ove the tabltt stylus betveen the
locat6r ●rea ●ud wenu ●rea of the tablet,
esp~cially on the drhw c~tnd, which was often
repeated many txmes in succession. Therefore,
we ●edified DRAWITslightiy to improve its use
with the tablet by tllowing the comnand to be
omitted af it was the satoe ●S tbe previous
cmand, Evec though the impetus for this
mod~ficstlon came from s particular device,
DRAWIT it still input-device independent in tac
sense that it processes input from 411 devices
in the game manner. Indeed, it does not know
wb~ch device produced its input.

v] , CONCLUS1ONS

This softwar? otructure has b?en used to
Ducressfu:ly retrofit rxi%tlng spplicttlons ●nd
remove device dependenclec, This Btructure
allows ●xittirrt applications to ●akr u~r of
ttrwly ●vailable input deviceu. The hsrdest
problem has been providin~ good syntactic level
pbrtses srrd feedback. 00 all dcviceB without
~od~fying the ●xistin8 ●ppllcatlorrs,

input frw one device class ●nd then ●n input
from snotber device class, We can clmu]ate one
CISSS of device with ●nether. We took this
●pproach in both ●pplications described ●bove.
Th~s system was successfully ●ble to hld~ tbr
cimulstion from tbe ●p~licatlon, but it WJS not
●ble to do so snd still ●ake opt~mal usc of all
the devices from s human ●ngineering vlewpolnt.
T’he6e difficulties tiere remed)ed in the two test
●ppllcntlons, ●ither by changing the
●ppllcmtion’s user-input lacguagc Ur by
introducing som dev~ce-dependent processing of
some user input,

Ttre table-driven parser has ~solated thr Input
language specifications ●nd ba~ made
●xperimenting with user Input languag?s much

●as~er.

We conclude from our limlted use of this
software that ]t can successfully ●llminat~

●PPlicat~on dependence upon speclflr Jog~cal-
input devices. However, thr software can not
*uar*ntee successful human ●ngineering for ●ll
devices.
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